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undergoing knee arthroplasty, effect of the acute change in 
the alignment of the knee on the ankle should be taken into 
consideration and the amount of correction should be cal-
culated carefully in order not to damage the alignment of 
the ankle.
Level of evidence IV.
Keywords Varus gonarthrosis · Arthroplasty · Knee · 
Ankle · Alignment
Introduction
High-grade gonarthrosis is a global orthopaedic problem, 
affecting a rather big proportion of the elderly population 
[2, 18, 24]. Varus gonarthrosis occurs as a result of a long-
lasting process and, besides the knee neighbouring joints 
like the ankle and the hip, develops compensatory changes 
due to abnormal loading [9]. In patients with varus deform-
ity in the lower extremities, attention is usually focused on 
the knees; however, the pathological findings as well as the 
other adaptational changes in the ankles and hips are usu-
ally neglected. According to Bellemans et al. [1], an impor-
tant fraction of the normal population (32 % of men, 17 % 
of women) has a natural alignment of 3° or more varus, and 
the restoration of mechanical alignment to neutral in these 
cases may be unnatural for them. It has also been demon-
strated that constitutional varus did not affect joint line ori-
entation in the coronal plane [22].
Though there are numerous treatment options for high-
grade knee osteoarthritis, total knee arthroplasty (TKA) is 
currently the most commonly preformed surgical modal-
ity [3, 6, 8]. Although it is known to be very successful 
not only in relieving pain in the knee but also in restoring 
the alignment of the lower limb, the effects of TKA on the 
Abstract 
Purpose Total knee arthroplasty is one of the most com-
monly preferred surgical methods in the treatment of 
patients with varus gonarthrosis. In this study, we aimed 
to evaluate the radiological changes observed in the ankles 
after total knee arthroplasty.
Methods Between May 2012 and June 2013, 80 knees of 
78 patients with varus deformity over 10° underwent total 
knee arthroplasty. For each patient, full-leg standing radio-
graphs were obtained pre- and post-operatively. Mechani-
cal and anatomical axes (HKA and AA), lateral distal fem-
oral angle, medial proximal tibial angle, lateral distal tibial 
angle (LDTA), ankle joint line orientation angle (AJOA), 
tibial plafond talus angle (PTA) and talar shift were meas-
ured for each patient both pre- and post-operatively.
Results Pre-operatively, the mean HKA was 16.6° and the 
mean AA was 10.41°, both in favour of varus alignment. 
Post-operatively, the mean HKA decreased to 3.6° and 
the mean AA to −2.1. The mean LDTA was 87.3°. Before 
the operation, the mean AJOA was −7.6°, opening to the 
medial aspect of the ankle, and it was 0.04° after the opera-
tion and opening to the lateral aspect (p < 0.05).
Conclusion Our study reveals the changes occurring 
in the ankle after acute correction of long-standing varus 
deformity of the knee using total knee arthroplasty. In cases 
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ankles and the hips are not clear. It has been reported that 
disorders of the foot and ankle may be source of pain after 
TKA [14].
The main purpose of the present study was to evaluate 
the radiological changes observed in the ankle joint and 
its relation to subjective statement of ankle pain following 
acute correction of the alignment of the lower extremity 
using TKA for high-grade varus gonarthrosis.
Materials and methods
Between 2012 and 2013, 80 knees of 78 patients with 
a varus deformity over 10° underwent TKA. Eighteen 
patients were males, and 60 were females. The median 
age of the patients was 67 (range 54–78) years. Forty-four 
patients were operated on the right side, 32 on the left side 
and 2 on both sides. The prosthetic design preferred was 
decided according to the individual conditions of each 
patient. For patients under 65 years, mobile-bearing TKA 
design was preferred, whilst for the ones over 65 years, 
fixed-bearing TKA design was preferred (Sigma Fixed 
Bearing System, DePuy Orthopaedics Inc, Warsaw, IN, 
USA; NexGen LPS Flex Mobile, Zimmer Inc, Warsaw, 
IN, USA). The decision between the posterior cruciate 
ligament (PCL) retaining and substituting TKA was made 
intraoperatively according to the existence of the PCL. For 
each patient, full-leg standing radiographs were obtained 
both pre- and post-operatively. When obtaining radio-
graphic images, patella and the ankle joints were marked 
on the skin for both legs of the patients to avoid rotational 
malpositioning. The distance between the two legs was 
standardized by the use of a standard sized radiolucent pad 
which was placed in between the medial femoral condyles, 
so that the post-operative changes observed in the ankles 
would be due to only the re-alignment of the extremity, 
achieved by TKA (Fig. 1). All full-leg standing radiographs 
were obtained digitally by DDR Inventor V (JSB Medics 
Co, Bucheon City, South Korea), and the measurements 
were taken by Infinitt PACS System (Infinitt Healthcare 
Co, Seoul, South Korea). Mechanical tibio-femoral angle 
(in other words hip-knee-ankle angle, HKA) and anatomi-
cal axes (AA), mechanical and anatomical lateral distal 
femoral angle (mLDFA and aLDFA), medial proximal 
Fig. 1  a Pre-operative standing orthoroentgenograms of a patient 
with varus gonarthrosis. A radiolucent foam was placed in between 
the medial femoral condyles, b post-operative orthoroentgenogram of 
the same patient, c pre-operative alignment of the ankle, d the align-
ment of the ankle after total knee arthroplasty
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tibial angle (MPTA), lateral distal tibial angle (LDTA), 
ankle joint line orientation angle (AJOA), tibial plafond 
talus angle (PTA) and talar shift (TS) were measured for 
each patient both pre- and post-operatively (Fig. 2). Talar 
shift, which can also be expressed as medial clear space of 
the ankle joint, was described as the distance between joint 
surface of the medial malleolus and the medial joint sur-
face of the talus on standard AP radiographic images. All 
measurements repeated separately for each patient were 
recorded by two of the observers. The interobserver reli-
ability was 0.99. For AJOA, a positive value was used to 
define an angle opening to the lateral aspect of the ankle 
and a negative value to define an angle opening to the 
medial aspect of the ankle. Similarly for PTA, a positive 
value meant an angle opening to the lateral aspect of the 
ankle and a negative value, an angle opening to the medial 
aspect. Clinically, subjective statement of ankle pain after 
TKA was also questioned and noted for all patients. Any 
relationship between ankle pain and AJOA was evaluated.
The procedures followed were in accordance with the 
ethical standards of the responsible committee on human 
experimentation and with the Helsinki Declaration of 1975, 
as revised in 2000. The current study has been approved 
by Erzincan University Faculty of Medicine Ethical 
Research Institutional Review Board (Document number: 
44495147-050.02.04-E.36587).
Statistical analysis
All results were evaluated using SPSS 20.0 (IBM Corpo-
ration, New York, USA). The statistical evaluation of the 
difference between two dependent parameters was made 
using paired samples t test, whilst the evaluation of two 
independent parameters was made by independent samples 
t test. Dot plots, evaluating correlation between changes in 
HKA and AJOA, were performed. The level of statistical 
significance was set at p ≤ 0.05.
Results
On the pre-operative full-leg standing radiographs, the 
mean HKA and the mean AA were both in favour of varus 
alignment. Post-operatively, the mean HKA decreased 
to 3.6° ± 3.6° and the mean AA to −2.1° ± 3.6°. Both 
decreases were significant (p < 0.05). The mean pre-oper-
ative mLDFA was 93.8° ± 2.2°, and the mean aLDFA was 
87.6° ± 2.8°. The mean LDTA was 87.3° ± 6.9°, support-
ing lateral metaphyseal collapse, as a compensatory change. 
The mean MPTA increased significantly from pre-operative 
to post-operative period (p < 0.05). Pre-operatively, the 
mean amount of TS was measured as 2.8 ± 0.8 mm, whilst 
it was 3 ± 0.9 mm post-operatively. Although the increase 
in the TS was significant, it was not for PTA (n.s.). Pre-
operatively, the mean angle between the ankle joint line 
and the ground line was −7.5° ± 4.7°, opening to the 
medial aspect of the ankle; it was 0.04° ± 3.8° post-oper-
atively, opening to the lateral aspect of the ankle (Table 1) 
(p < 0.05).
For the patients with a varus deformity between 10° and 
15°, AJOA decreased to a mean of 0.4 ± 3.9 post-opera-
tively from a mean of −6.3° ± 4.3° pre-operatively. The 
mean AJOA was −8.4 ± 7.8 pre-operatively and measured 
as −0.2 ± 3 post-operatively for the patients with a varus 
deformity over 15°. The changes in the two groups were 
both statistically significant (p < 0.05). Dot plots demon-
strated a direct correlation between changes in HKA and 
AJOA from pre- to post-operative period (Fig. 3a, b). When 
the amount of change in PTA, TS and AJOA in patients 
with a varus deformity between 10° and 15° was compared 
to the patients with a varus deformity over 15°, there was 
no significant difference (n.s.) (Table 1).
Subjective statement of pain in ankle joint after TKA 
was noted in 19 of 80 cases. Thirteen of them had >15° pre-
operative varus deformity in the operated knee joint. The 
mean post-operative AJOA was 5° ± 1.9° in those 13 cases, 
whereas it was 5.3° ± 1.3° in the other 6 cases. Severity of Fig. 2  Measurements taken on each orthoroentgenogram
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the pre-operative varus deformity in the knee (varus >15° 
or between 10° and 15°) was not significantly correlated 
with post-operative ankle pain (n.s.).
Discussion
The most important finding of the present study was that 
due to compensatory changes altering the orientation of the 
ankle in patients with long-standing severe varus gonarthro-
sis, acute correction in the alignment of the knee joint dur-
ing TKA may lead to radiographic problems in the ankle 
joint which may potentially be related to secondary clini-
cal complaints. Total knee arthroplasty is a very common 
surgical procedure used as the treatment method of patients 
with high-grade varus gonarthrosis [23]. One of the main 
aims of this surgical procedure is to restore the normal 
alignment of the lower extremity, with the attention being 
focused mostly around the knee joint [4, 10, 13, 17, 21]. 
Although TKA procedure is proven to be very successful 
in restoring the alignment of lower extremities, it certainly 
has some effects also on the neighbouring joints, the hips 
and the ankles, which are not that clear [9]. In the literature, 
there are only a few studies evaluating the effects of knee 
osteoarthritis on the ankles, but studies about the effects of 
TKA on the ankles are almost lacking [7, 15, 16, 19, 20].Ta
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Fig. 3  a, b Dot plots demonstrating direct correlation between 
changes in HKA and AJOA from pre- to post-operative periods
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Issin et al. [9] evaluated 315 knees of 164 patients with 
varus gonarthrosis and concluded that abnormal forces 
applied to ankle caused collapse in the lateral distal tibial 
metaphysis. Tallroth et al.’s series included 104 patients 
operated due to knee osteoarthritis. They have evaluated 
the degenerative changes observed within the ankles and 
found that there was a significant correlation between the 
knee and ankle osteoarthritis [20]. In another study by 
Desai et al. [5], deformities of the foot were found to be 
effective on the alignment of the knees and the authors 
recommended including the foot deformity during pre-
operative evaluation and planning of knee deformities. 
Levinger et al.’s [12] study has revealed that medial com-
partment arthrosis in the knee joint was closely associated 
with a more pronated foot when compared to healthy con-
trols. Another study demonstrating the relation between the 
structural changes in the knee and deviated ankle align-
ment was conducted by Hubbard et al. [7], and they praised 
the opinion about considering compensatory changes and 
altered mechanics of the ankle whilst addressing lower 
extremity functional deficits in patients with knee osteo-
arthritis. In our study, severe varus deformity was noted 
in all patients pre-operatively, and significant changes in 
their ankles according to radiographic measurements were 
observed after TKA. The decrease in LDTA and the fail-
ure of the parallelism between the ankle joint line and the 
ground line were the most obvious changes in the ankles.
A thorough review of the literature revealed that Lee 
and Jeong held the unique study about the effects of TKA 
on degenerative changes observed in the ankle. In their 
study, the authors reported that arthritis has developed or 
progressed in many of their cases, with either a varus or 
a valgus deformity, after a mean of 3 years. Their conclu-
sion was that in case of a larger varus, the arthritic changes 
occurred much significantly and earlier [11]. In the current 
study, all patients had varus deformity over 10° and they 
were treated with TKA. Pre-operatively, the mean ankle 
joint orientation line was significantly varus with respect 
to the ground line and the LDTA was less than 90° possi-
bly due to abnormal loading in the ankle. Post-operatively, 
the ankle joint orientation line was almost parallel to the 
ground line and the improvement was significant. There 
was no significant change in the mean PTA. Although the 
change in the mean TS was significant, it was only 0.2 mm.
The mean pre-operative varus deformity was so severe 
that the optimal valgus alignment could not be achieved 
in most of the cases, and a mean residual varus deform-
ity was valid. Still, the improvement in the alignment of 
the ankle was significant regardless of the amount of pre-
operative varus deformity in the knees as the joint line was 
parallel to the ground in most of the cases. As the patients 
had long-standing varus in their knees, there were com-
pensatory changes in the ankles such as the decrease in the 
LDTA. Thus, we conclude achieving a valgus alignment in 
patients with long-standing varus deformity in their knees 
could easily lead to an overcorrection in the alignment of 
the ankle and leaving a residual varus in the knee could be 
considered in order to prevent the ankle from malalign-
ment (Fig. 4). This could also prevent the ankle from early 
degeneration and arthritic changes reported in Lee and 
Jeong’s study [11].
There are some limitations of the present study. First, the 
cohort was not large but is of reasonable size. Second, the 
patients were not followed long enough to evaluate whether 
Fig. 4  Achieving a valgus 
alignment in the knee could eas-
ily result in an overcorrection in 
the alignment of the ankle, and 
leaving a residual varus in the 
knee could give the best results
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these changes in the ankle lead to osteoarthritis or not. 
On the other hand, the present study may be a reference 
for long-term clinical trials and also future investigations 
to provide a better understanding of mechanical changes 
affecting the ankle joint after TKA and their importance to 
cause secondary clinical problems. We recommend that in 
patients undergoing TKA, effect of the acute change in the 
alignment of the knee on the ankle joint should be taken 
into consideration in order not to damage the stability and 
the mechanics of the ankle.
Conclusion
During TKA in patients with severe long-standing varus 
gonarthrosis, the effect of the acute correction in the align-
ment of the knee on the ankle should be taken into consid-
eration. A neutral alignment or a minimal varus could be 
the optimal position of the legs in order not to lead to mala-
lignment and potential clinical complaints in the ankle. 
Further clinical studies with larger cohorts and long-term 
follow-up are required for a definitive answer.
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